This paper discusses the theoretical aspects and applications of a novel
INTRODUCTION
Ontologies are increasingly becoming important in the fields of intelligent searching on the web, knowledge sharing and reuse, and knowledge management (Hausser 2000) . Ontologies have been used to share and reuse knowledge and information, predominately in the field of medical informatics. The main reason ontologies have become so popular is the fact that they provide a shared and common understanding of a domain that can be communicated between people and application systems (Davies et al. 2002) . Lately, there have been an increasing number of research projects applying ontological techniques in the context of product development (Ciocoiu et al. 2001 , Duineveld et al. 2000 , Lin and Harding 2003 . However, none of these projects directly address the issues of utilizing ontology technique to share manufacturing knowledge during product development in a collaborative and distributed manner.
The aim of this paper is to discuss a methodology of creating an axiomcontrolled ontology for use in an "organisational knowledge" framework. An axiom is a statement that defines or constrains some aspects of the knowledge model and is intended to control or influence the behaviour of the model (Ontoprise 2004 ). In addition, this paper describes a manufacturing know-how data structure which has been constructed as part of an "organisational knowledge" framework using an ontological approach. The term organisational knowledge is defined as "a collective wisdom of a firm which may be explicit, in the form of databases or documents, or tacit, expressed by action" (Rich and Duchessi 2001 ). An ontological approach can be used to elaborate the organisational knowledge by defining the semantics to capture the meaning of the terms and axioms (to define a set of rules if applicable). This is used to enhance and encapsulate the way of reusing the knowledge-based system in a collaborative manner within a production network.
KNOWLEDGE-BASED SYSTEMS AND ONTOLOGY

Introduction to Ontology
In information technology terms, an ontology is the working model of entities and interactions in some particular domain of knowledge or practices, such as electronic commerce or the activity of planning (Davies et al. 2002) . In Artificial Intelligence (AI) terms, according to specialists at Stanford University (Noy and Klein 2004) , ontologies can be used to express "a set of concepts such as things, events and relations that are specified in some way in order to create an agreed vocabulary for exchanging information, in particular over the World-Wide-Web (WWW)". Apart from providing a common understanding, Valarakos et al. (2004) 
Using Ontologies in Knowledge Based-Systems
Given that ontology has the potential to improve knowledge capturing, organization, sharing and re-use, it was chosen in this research to create a knowledge-based system to support the organisation knowledge framework. Furthermore, using ontologies in the organisational knowledge framework can provide the following advantages:
Sharing knowledge domains across the www. Not relying on a set of rule-based techniques. Capable of handling complex and disparate information from different domains. However, modelling organisational knowledge is a very complex task, often requiring a combination of different types of ontology-derived techniques. To support the organisational knowledge-based system in product development, the following ontology techniques are considered as being important:
Domain ontology, which organizes concepts, relations and instances that occur, as well the activities that take place, into a domain (Van Heijst et al. 1997) .
Top-level/generic/upper-level ontology, which organizes generic domain independent concepts and relations, explicating important semantic distinctions (Sowa 1995) .
Application ontology, which consists of the knowledge of a particular application domain (Van Heijst et al.1997 ). Figure 1 , depicts the organisational knowledge framework which is an ontologybased environment that has been created specifically to manage the capturing of qualitative and quantitative knowledge statements related to manufacturing and assembly processes for complex products. These knowledge statements are generated by a distributed team as shown in Figure 1 . The data exchange format used within the framework is the industrial standard XML. A Java-based XML Parser has been implemented for extracting the knowledge to be reused by a process planning system. The resulting process plans, which contain an evaluation of the likely quality, cost and delivery performance, can be stored into an information management system, as illustrated. The implementation of this framework is flexible, as the specific information systems must be adapted to the needs of the enterprise. For example, knowledge may be distributed via either a centralised PDM system or a decentralised Peer-to-Peer (P2P) network (Penserini et al. 2003) . The research at this stage, however, has adopted the PDM system approach for knowledge management and distribution. This has been combined with a system that applies Web-based technologies to the captured knowledge statements. The captured knowledge is converted into an XML-formatted file and shared within a web-centric PDM system to support the collaborative product development process. 
THE ORGANISATIONAL KNOWLEDGE FRAMEWORK
The General Structure of Organisational Knowledge
There are four kinds of knowledge that are generally recognised as being important in a knowledge-based economy (ITAG 1999). The first, 'Know-what' is knowledge about facts. The second is 'Know-why' and refers to scientific knowledge and understanding, for instance, the principles of why things happen. This also encompasses the skills often found in research laboratories or generated as a result of collaborative research between organisations. The third type of knowledge is 'Know-how' which refers to skills and capabilities, for example, the ability to use a particular machine or skills gained through practice and experience. In industry, 'know-how' is often used interchangeably with the term knowledge management from design to manufacturing, whether its context is described explicitly or implicitly. The final component is 'Know-who', which describes where in the enterprise knowledge is stored. Capturing 'Know-who' requires a deep understanding of the expertise within an organisation. The approach to define and construct the organisational knowledge ontology was based on the four kinds of knowledge. In this particular application 'Know-who' is only used to record the name of the knowledge owner and it has been implemented as an attribute of the 'Know-how' class. In future versions of the work it may be possible to make a separate module, so that, for example, meta-information about confidence in the judgement of a person may be recorded. Figure 2 shows a class taxonomy of the organisational knowledge ontology which is specifically constructed to model manufacturing knowledge. According to Jenz & Partner (2003) , an ontology is based on a taxonomy which represents a class hierarchy in the object-oriented world. The Organisation Knowledge Know-how is further broken down into three separate classes namely, 'Business_Process_Know_how', 'Design_Know_how' and 'Manufacturing_Know_how'. The 'Business_Process_Know_how' module defines marketing strategies, sales, purchasing, vendors, suppliers and costing data. 'Design_Know_how' represents the information on product design and standards, including customisation such as bespoke customer designs. Manufacturing_Know_how forms an integral part of the framework and consists of quantitative and qualitative knowledge statements related to the production processes and equipment. It captures production skills, process best practice and experience-based information. The 'Organisation_Know_what' module is used to define empirical knowledge based upon facts and hypotheses. Finally, 'Organisation_Know_why' defines principles of why things happen.
The Main Organisational Knowledge Ontology
The organisational knowledge ontology has been developed using the knowledge building system Protégé2000 (Protégé 2000 (Protégé , 2004 . The class diagram, shown in Figure 2 , was initially constructed to model the domain using the Unified Modelling Language (UML). The UML class diagram was imported into the Protégé2000 KBS Editor, via XMI (XML Metadata Interchange Format) to create the ontology. XMI is an open industry standard for applying XML to abstract systems such as UML. The intention of XMI is to propose a way to standardize XML for users to exchange information about Metadata in distributed and heterogeneous environments (OMG 2005) . XML bridges part of the gap by providing the building blocks for "serializing" UML data textually. XMI is required for complex ontology-based systems, such as the one proposed herein, because it can capture and express the relationships that can be defined using UML class diagrams (Laird 2001 ).
The design of the knowledge-based system
To design a knowledge based-system using the ontology technique is a complex task. The approach in this work proposes a way of constructing a knowledge model which involves four activities as illustrated in Figure 3 : Figure 3 -Activities in the design of an ontology-based knowledge system a) The first activity in KBS construction is to form a UML (Unified Modelling Language) representation of the ontology and define the relations among the classes. b) Transfer the UML class taxonomy onto the application ontology using XMI (XML Metadata Interchange) and subsequently map the roles and the concepts in the ontology. c) Select and configure appropriate ontologies. This activity involves the construction of an application-specific ontology. In general, ontology construction is a difficult process that requires the expertise of knowledge engineers and domain experts. A library of reusable ontological theories can ease this process. The knowledge engineers and domain experts work as a team to select the reusable theories and, if necessary, tune them and define an agreed vocabulary to meet the demands of the application. d) Instantiate the application ontology with domain knowledge. While the application ontology defines which concepts are used in the domain, the application knowledge describes the actual instances of these concepts. Hence, this requires the domain experts to gather all necessary knowledge to instantiate the domain ontology.
The application of axioms and constraints within the Ontology
It is important to be able to define axioms and constraints within an ontology. The axioms and constraints are used to define a specific value or condition in relation to a specific knowledge statement. The methodology of constructing these values in the knowledge-based system using axioms and constraints is described below. In terms of the implementation of axioms and constraints within the ontology, there are several plug-ins available within the Protégé 2000 system. The EZPal tab (Hou et al. 2002 ) is designed to facilitate the acquisition of Protégé Axiom Language (PAL) based constraints without the need to understand the language itself. The plug-in uses a library of templates based on reusable patterns of previously encoded axioms. The interface allows users to compose constraints using a ' fill-in-the-blanks' approach. The EZPal tab makes use of a Protégé-2000 ontology to store three major categories of information which arw classified as Property, Template and Pattern as shown in Figure 4 (a).
• A property is an abstract description of the common features of a group of templates. Properties are not mutually exclusive: each template may satisfy more than one property.
• Each template describes a set of frequently used axiom design patterns based on their semantic and structural similarities. It stores the relevant ' variation' information to allow retrieval of a specific pattern to allow value entries for axiom generation.
• A pattern is defined as a logical sentence derived from a group of axioms that are structurally identical except for specific references. Individual patterns are not stored explicitly in the library but further generalized into templates. For example, in the Organisational_Knowledge ontology, Probability has been declared as one of the superclasses used to define a constraint related to the instances captured within the ontology. In order to set the axiom constraint in the Probability class, there were three stages that must be executed as shown in Figure 4 (a). Firstly, the ontology builder must select which description under (property) is suitable to describe the constraint. In this case, the description "Values of a slot contain slot values for related instances" has been used. Under (template) there were several modes to be selected to describe the values of a slot. In this case "At least one instances of class (name) contains (value) in slot (name)" was the appropriate mode to be used to declare the values within the multiple slots. Pattern is the final stage for the ontology builder to fill in the actual values of the slots. As the selection processes are based on skill and experience, the above process may has to undergo a number of iterations in order to obtain the optimum solution. Figure 4 (b) illustrates an example of the constraints declared in the organisational knowledge ontology as a result of using the EZPal tab. The constraints were built upon the syntax of the axioms statements, descriptions and range. The syntax describes the Probability factor which contains the probability values shown as direct instances in the Probability class. The direct instances were then selected (instances used by) to form an association with a specific knowledge statement. 
CONCLUSION
In this paper, an Organisational Knowledge Framework has been defined by using web-based technologies and information management systems to achieve the collaboration of distributed teams in product development. The novelty of this part of the work is the development of a know-how data structure which has been
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Instances used by (a) (b) constructed as part of an Organisational Knowledge Framework using an ontological approach in relation to capturing and reusing design and manufacturing knowledge. This paper has also discussed the implementation of capturing and reusing manufacturing know-how using various ontological activities and the application of axioms and constraints. With the development of user-friendly ontology editing software and automatic data exchange functions, the application of ontological approaches to exchange information across the WWW is most likely to be an essential aspect of the next generation of global knowledge management tools.
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